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ABSTRACT

An indirect method for the determination of ascorbic acid in fruit juice and vitamin C tablets by flame atomic absorption spec-

trometry was described. This method is based on the reduction of chromium (VI) to chromium(III) with the reducing action of

ascorbic acid, separation of unreacted Cr(VI) as its 1,5-diphenilcarbazide complex on a column filled with Amberlite XAD-16,

elution of the complex by 10 mL of 0.05 mol L*! H,SO4 in methanol, and determination by flame atomic absorption spectrometry.

Amount of the ascorbic acid was calculated from the amount of Cr(VI) reacted with ascorbic acid. The optimum conditions for the

determination of ascorbic acid, including pH and volume of sample solution were examined. The effect of interfering species on

the recovery of the ascorbic acid was also investigated. The proposed method allows high sensitive and selective determination of

ascorbic acid in the range 0.5-20 ng/mL. The proposed method is precise as it provides relative standard deviation of 3.4% during

five replicate determinations of 12 pg/mL of ascorbic acid. Accuracy of the procedure was tested by analyzing spiked real samples

and applying 967.21 Official Method (AOAC) for the determination of ascorbic acid. The procedure described was successfully

applied for the determination of ascorbic acid in pharmaceutical preparation, lemon flavored soft powder drink and fruit juices.

Ascorbic acid has been determined in real samples with relative error lower than 8%.
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INTRODUCTION

Ascorbic acid (AsA) is one of the most important
water-soluble vitamins, commonly known as Vitamin C
that participates in a wide variety of biological events.
AsA is also important in the human diet, because it helps
forming some tissues and assists the body in assimilat-
ing iron and amino acid). It is nutritionally necessary
for human diet. Since humans cannot synthesize ascor-
bate, their main source of the vitamin is dietary fruit and
vegetables. Fruits, especially citrus and various tropical
fruits, are the best sources of vitamin C. However, vita-
min C has limited stability and may be lost from foods
during storage, preparation and cooking. Therefore, there
are many pharmaceutical preparations that contain ascor-
bic acid as active ingredient. Vitamin C helps to prevent
oxidation, thus is used as food additive with anti-oxidant
purpose).  Therefore, it is important to detect ascorbic
acid selectively and conveniently in routine analyses
for pharmaceutical and food industry. An accurate and
specific determination of the nutrients content of fruits

* Author for correspondence. Tel: +90 312 2021110;
Fax: +90 312 212 2279; E-mail: aturker@gazi.edu.tr (A.R.Tirker)

is extremely important to understand the relationship
of dietary intake and human health®. Several analyti-
cal methods have been reported for the determination of
ascorbic acid using titrimetry®#, spectrophotometry'! >
), chemiluminescence methods®, spectrofluorimetry®,
chromatography!%!D, electrochemical'?!), electropho-
resis!'” and enzymatic method!®). These methods have
been reviewed in the articles by Arya et al. (117

Recent years, indirect determinations of ascorbic
acid by UV-Vis spectrophotometry and atomic absorp-
tion spectrometry are widely used'®2D. Atomic absorp-
tion spectrometer is an instrument available in most
analytical laboratories. These techniques have been
proven as suitable tool for the indirect determination of
organic compounds, allowing increases in the range of
species accessible with such spectrometers. Yebra-Biur-
run proposed an indirect flow injection method for the
determination of ascorbic acid in fruit juices based on the
reduction of Mn(VII) to Mn(II). The Mn(II) formed was
retained online, proportional to the ascorbic acid concen-
tration in the sample, on a poly(aminophosphonic acid)
chelating resin, which was selective for only this oxida-
tion state. The non-reduced Mn(VII) was determined
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by flame atomic absorption spectrometry. The proposed
method allows the determination of ascorbic acid in the
0.2-34.5 pg/mL range with a relative standard deviation
of 2.2%??. In another study, iron(III) was reduced to
iron(II) by the ascorbic acid. Thus, the iron(II) formed
reacts with 1,10-phenanthroline to form a complex that is
adsorbed on a non-ionic polymeric adsorbent (Amberlite
XAD-4) proportionally to ascorbic acid in the sample.
The unadsorbed iron was determined by flame atomic
absorption spectrometry. The proposed method allows
the determination of ascorbic acid in the range 0.5-25
pg mL™! with a relative standard deviation of 2.9%??.
In another study, Zhang et al. designed a flow injections
system in which Cr(VI) was reduced to Cr(III) by ascor-
bic acid and the product [Cr(III)] was first adsorbed on
a cation-exchange resin column then, eluted to nebu-
lizer and measured by FAAS. The analytical signal in
absorbance of Cr(III) was proportional to concentration
of ascorbic acid®. M. Noroozifar and M. Khorasani-
Motlagh proposed a method based on the oxidation of
ascorbic acid by a known excess amount of potassium
chromate followed by the estimation of the unreacted
amount of chromate by reactions with sym-diphenyl-
carbazide. The complex was determined spectrophoto-
metrically without separating Cr(I1I) ions produced from
unreacted Cr(VI)(zo). However, there might be interfer-
ence effect resulting from other metal ions which form
complex compound with sym-diphenylcarbazide.

In this study, an alternative method for the indirect
determination of ascorbic acid by flame atomic absorp-
tion spectrometry (FAAS) was proposed. It was based
on the reduction of a known excess amount of Cr(VI)
by ascorbic acid. Afterwards, the non-reduced Cr(VI)
was separated from product of Cr(III) by a column solid
phase extraction as its diphenylcarbazide (DPC) complex
and determination of the non-reduced amount of Cr(VI)
in the eluent by FAAS. Separation and speciation of
Cr(VTI) and Cr(IIT) by solid phase extraction on a column
filled with Amberlite XAD-16 had been optimized in our
previous study®>. In this study, the developed chromium
speciation method was adapted for the determination of
ascorbic acid and optimum experimental conditions were
investigated. The developed method was applied to the
determination of ascorbic acid in pharmaceuticals, lemon
flavored soft powder drinks and fruit juices.

MATERIALS AND METHODS
. Apparatus

A Philips PU 9285 model atomic absorption spec-
trometer equipped with deuterium lamp background
corrector and with an air acetylene burner was used for
the analysis under the conditions suggested by the manu-
facturer. Chromium hollow cathode lamp was used to
measure the absorbance of chromium. The operating
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conditions were as follows: Wavelength, 357.9 nm; lamp
current, 12 mA; bandpass, 0.5 nm and fuel flow rate, 1.4
L/min. Deuterium lamp background correction was used.
A Unicam UV2-100 double beam UV-Visible spectrom-
eter with 10 mm quartz cell was used for spectrophoto-
metric determination of ascorbic acid. All pH measure-
ments were taken with a Consort digital pH meter and a
combined glass electrode.

II. Reagents

All solutions were prepared using doubly distilled
deionized water and analytical reagent grade chemicals
unless otherwise specified. Standard solutions of ascor-
bic acid, 1000 pg/mL, was prepared daily by dissolving
0.1000 g of ascorbic acid (Merck) in water and diluted to
100 mL with water in a volumetric flask. 1,5-diphenyl-
carbazide (DPC) solution (0.01 mol/L) was prepared daily
by dissolving appropriate amount of DPC (Merck) in 5
mL of acetone (Merck) and diluting to 25 mL with water.
The solution was kept in an amber-glass bottle. A solu-
tion of 1000 pg/mL Cr(VI) was prepared by dissolving
0.2829 g of K,Cr,07 (Merck) in water and diluted to 100
mL with water in a volumetric flask. H,SO4 (95-98%,
Merck) and methanol (Merck) were used. Amberlite
XAD-16 Resin (Room and Hass; surface area, 800 mz/g;
wet mesh size, 20-60 mesh) was used after washing with
methanol, 1 mol/L HCI solution and water, respectively
and dried for 2 h at 60°C.

III. Column Preparation

A glass column (150 mm length 10 mm i.d) with a
glass-wool over its stopcock was used as a mini column.
A total of 300 mg of Amberlite XAD-16 resin (~ 1.5 cm
bed height) was mixed in water and then placed into the
column. A small amount of glass-wool was placed on top
to avoid disturbing the adsorbent during sample passage.
The column was preconditioned by passing a blank solu-
tion of the same pH with the sample solution prior to use.
After each use, the resin in the column was washed with
dilute HCI and with water before storage in water for the
next experiment.

IV. Preparation of Samples

All drug samples tested were fresh and purchased from
local pharmacy. Commercially available vitamin C tablets
were placed in a mortar and ground to fine powder. 100-150
mg of ascorbic acid powder was weighed and stirred for 2-
3 min with 50 mL of water and filtered through Whatman
No. 41 filter paper. The insoluble mass was washed with
three successive 5-mL portions of water. The filtrate and
washings were diluted to volume in a 100 mL calibrat-
ed flask. The solution was analyzed immediately by the
procedure given below in order to avoid losses of ascorbic
acid due to air oxidation during or after dilution.
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Fresh orange fruits were purchased from the local
market and squeezed mechanically. Then, the sample
juices were filtered through Whatman No. 42 filter paper
and diluted to an appropriate volume. The solution was
analyzed immediately by the procedure given below in
order to avoid losses of ascorbic acid due to air oxidation
during or after dilution.

An accurately weighed amount of lemon flavored
soft powder drink (about 1.0 g) purchased from the local
market was transferred into a 50 mL volumetric flask,
dissolved with water, and made up to the mark with
water. The solution was analyzed immediately by the
procedure given below in order to avoid losses of ascor-
bic acid due to air oxidation during or after dilution.

V. Procedure

For the optimization of indirect ascorbic acid deter-
mination, 100 mL of spiked sample solutions contain-
ingl.2 mL of 100 pg/mL Cr(VI) and ascorbic acid were
used. To prepare spiked sample solution, 1 mL of 0.01
mol/L  DPC solution and 0.1 mL of 100 mg/L Cr(VI)
solution have been added into the 100 mL volumetric
flask and the volume is adjusted to 100 mL with water.
Then, pH of the sample solution was adjusted to the
desired value (pH 1) at which recovery of Cr(VI) was the
highest with sulfuric acid. The resulting solution was
passed through the column described in Section III at the
desired flow rate of 1.5 mL/min. The retained species
(Cr-DPC) on the column was eluated with 10 mL of 0.05
mol/L H,SOy solution in methanol. Chromium content
in the eluate was determined by FAAS. Ascorbic acid
content was calculated using the stoichiometric relation-
ship between Cr(VI) and ascorbic acid (I g of Cr(VI)
is equivalent to 5.07 g of ascorbic acid). The reaction
scheme is as follows:

Cr,07% + 3C¢HgOg + 8H" — 2Cr*" + 3C¢H(O4 +
7H,0

Non-reduced Cr,0,>+ DPC — Cr-DPC complex

Cr-DPC complex + Amberlite XAD-16 — Adsorbed
Cr-DPC onto Amberlite XAD-16

Cr-DPC onto Amberlite XAD-16 + Eluent H,SO4 —
Elution solution containing Cr(VI)

In order to check accuracy of the proposed method,
ascorbic acid was also determined in the sample solu-
tion by dichloroindophenol titrimetric method of AOAC
(AOAC 967.21).

RESULTS AND DISCUSSION

I. Optimization of Column Solid Phase Extraction of
Chromium Species

Optimization of the parameters such as pH of the
sample solution, ecluent type, sample volume, amount
of adsorbent, and flow rate of sample solution effecting
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the column solid phase extraction of chromium species
(Cr(III) and Cr(VI)) were investigated and reported in
our previous paper®®. Quantitative recovery (> 95%)
was found at the pH 1 with Cr(VI) while recovery of
Cr(III) was rather low (< 5%). This could make separa-
tion of Cr(VI) from Cr(II1)*® possible. Optimum values
for the determination of Cr(VI) are shown in Table I.
Linearity of this system was evaluated for chromium
concentration ranging from 1 to 5 mg/L under the experi-
mental condition mentioned above. The calibration graph
was found to be linear up to 5 mg/L with regression coef-
ficient above 0.99. The detection limit, as the concentra-
tion corresponding to three times the standard deviation
of the blank signal (n=12), was 45 pg/L for Cr(VI)®>,

II. Effect of pH

The proposed procedure of indirect determination of
ascorbic acid was based on its reducing action on Cr(VI)
in acidic medium and following the atomic absorption
spectrometric determination of the remaining Cr(VI)
after separating the Cr(VI) from Cr(III) by a column
solid phase extraction of Cr(VI) as its DPC complex onto
Amberlite XAD-16. Amberlite XAD-16 resin is selec-
tive only for Cr(VI). The dependence of the redox reac-
tion between ascorbic acid and Cr(VI) on the pH of the
solution is an important parameter that can have signifi-
cant influence on the over-all performance of the indirect
method. The optimum range of pH for the indirect deter-
mination of ascorbic acid was also 1-1.5, adjusted using
diluted sulfuric acid.

II1. Precision of the Method

In order to investigate precision of the method, the
above procedure was performed successively as inter-day
variability and ascorbic acid was determined in synthetic
sample containing 12 pg/mL of ascorbic acid. The mean
recovery for five determinations was about 96.7 at the
95% confidence level. Precision of the proposed method
was good at relative standard deviation of 3.4% during five
replicate determinations of 12 pg/mL of ascorbic acid.

Table 1. Optimum conditions for preconcentration/separation of
Cr(VI) by the Amberlite XAD-162>)

Parameter Value
pH 1
Eluent (0.05 mol/L H,SOy solution in methanol) 10
volume, mL
Amount of adsorbent (mg) 300
Flow rate of the sample solution (mL/min) 1.5
Volume of the applicable sample solution (mL) 250

(Containing 10 pg Cr(VI))
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IV. Interference Studies

To assess validity of the method, a study of interfer-
ence for ascorbic acid determination was also performed.
Cations in the sample would not interfere with the
ascorbic acid because they had not adsorbed by Amber-
lite XAD-16 resin column. The interfering effect of the
cations on the separation and determination of Cr(VI)
had been investigated in our previous study®>. Recover-
ies of Cr(VI) were quantitative when the ratio of inter-
fering ions to chromium (VI) was 10 for Fe(III), 25 for
Pb(IT) and AI(III), 50 for Cu(Il), Ni(II), Mn(II), Co(II)
and 100 for Zn(II), Cd(II), Na(l), K(I), Mg(Il) and
Ca(Il)®% respectively. The interferences caused by
foreign species commonly found with ascorbic acid in
the analyzed samples (i.e. glucose, fructose citric acid,
oxalic acid and tartaric acid) were investigated by adding
different amount of other species to a solution contain-
ing 12 pg/mL of ascorbic acid. The tolerance limit was
defined as the concentration at which the species caused
an error <5%. The results are listed in Table 2. Accord-
ing to this work, no interferences were observed for
glucose, fructose and citric acid with mass ratio up to 50,
for oxalic acid up to 40 and for tartaric acid up to 20.

V. Effect of Volume of Sample Solution (Ascorbic Acid
Concentration)

The effect of changes in the volume of sample solu-
tion on the recovery of ascorbic acid was investigated
in order to determine an applicable sample volume or a
minimum ascorbic acid concentration. For that purpose,
10, 50, 100 and 250 of sample solutions containing fixed
amount of ascorbic acid (120 pg) corresponds 12, 2.4, 1.2
and 0.48 nug/mL, respectively were passed through the
column under the optimum conditions determined exper-
imentally. It was found that ascorbic acid could be recov-
ered up to 250 mL of sample solution with a relative error
about 8% (Table 3). At higher sample volumes, the recov-
eries decreased and the relative error increased gradually
with increasing volume of sample. It can be concluded
that 0.48 pug/mL of ascorbic acid could be determined by
this method for 250 mL of sample volume.

VL. Application

To investigate applicability to real samples, the
proposed method was applied to the determination of
ascorbic acid in Vitamin C tablets, lemon flavored soft
powder drinks and fruit juices. The results obtained
by the proposed method and the AOAC method (AOAC
967.21) are given in Table IV. The t-test assured that
results of both methods had no significant difference (P =
0.95). It can be seen that results of the proposed method
were in agreement with the values given on packages of
the samples.

Z [ TIBIBIBES5 ] www.angle.com.tw

Journal of Food and Drug Analysis, Vol. 16, No. 3, 2008

VII. Recovery Test

In order to check accuracy of the proposed method,
recovery test was performed using different sample solu-
tions spiked with ascorbic acid. As shown in Table 5,
recoveries of ascorbic acid added to orange juice, phar-
maceutical samples and lemon flavored soft powder

Table 2. The effect of some species on the recovery of ascorbic acid
(pH 1; eluent 10 mL of 0.05 mol/L H,SO4 solution in methanol;
sample volume 10 mL; amount of the ascorbic acid 120 pg)

Species added Concentration (pg/mL) % Recovery™

Oxalic acid - 97 +2
120 96 +3
240 100 + 4
360 100 +3
480 106 + 4
600 119+4
Tartaric acid - 97+2
120 96 £ 2
240 108 +4
360 117+4
Citric acid - 97+2
120 102+3
240 100 +3
600 103+3
1200 118+4
Fructose - 97 +2
120 93+2
600 96 +3
1200 108 =4
Glucose - 97+2
120 103 +4
600 107 +3
1200 1114

*Mean + standard deviation of three determinations.

Table 3. Effect of sample volume on the determination of ascorbic
acid

Found*
Volume of sample Added (ng/mL) 0% Recove
solution (mL) (ng/mL) T ts ¢ Y
N
10 12 11.9+04 99 +£3
50 2.4 25+0.2 104 £ 38
100 1.2 1.23+0.04 103+3
250 0.48 0.44 +0.08 9217

* Mean of five determinations at 95% confidence level.
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Table 4. Determination of ascorbic acid in real samples
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Concentration found

Proposed method®

)_cits/\/ﬁ

Sample

Labeled value on
the package
(Nominal value)

AOAC 967.21°

)_cits/\/ﬁ

Orange juice 256 =9 pg/mL

Redoxon® 1098 + 80 mg/tablet
Calcium Sandoz! 1044 + 70 mg/tablet

Lemon flavored soft powder drink 8.1+ 0.4 mg/g

1100 + 60 mg/tablet 1000 mg/tablet
1070 + 50 mg/tablet 1000 mg/tablet
7.9+ 0.3 mg/g 6.0 mg/g

#Mean of five determinations at 95% confidence level.
"Mean of four determinations at 95% confidence level.

“Each effervescent tablet of Redoxan (from ROCHE, Istanbul, Turkey) contains vitamin C 1000 mg, aspartame and sorbitol.
dEach effervescent tablet of Calcium Sandoz (from NOVARTIS, Istanbul, Turkey) contains vitamin C 1000 mg, calcium carbonate 327 mg

and calcium lactate gliconate 1000 mg.

Table 5. Results of recovery test in the sample solutions

Sample Ascorbic acid added (ng/mL) Ascorbic acid* found (pg/mL) Recovery %
- - 220+ 10 -
Orange juice (fresh)
100 306 £6 96 + 4
- 115+ 38 -
Redoxon solution 50 160 £ 10 97+ 8
100 200+ 5 93 +4
- 75+5 -
Calsium Sandoz solution 50 116 +£2 93 +4
100 170 £ 4 97 +4
. . - 162 +38 -
Lemon flavored soft powder drinks solution
100 240 + 20 92+38

* Mean of five determinations at 95% confidence level.

drinks were all close to 100%. The recovery test results
were very good. No interference was found in the pres-
ence of a very complex matrix of samples (especially
fruit juice) as indicated by the good recovery of ascorbic
acid. The proposed method could be applied to the anal-
ysis of drugs containing different dosage of ascorbic acid
without interference from other constituents and excipi-
ents encountered.

CONCLUSIONS

The proposed method, using the reaction between
ascorbic acid and Cr(V1), has realized the off-line precon-
centrating/separating by column solid phase extraction
and indirect determination of ascorbic acid by flame
atomic absorption spectrometry. This method provides
interference free determination of ascorbic acid due to
prior separation of Cr(VI) from the matrix components.
The proposed method could be applied to the analysis
of drugs and beverages containing different amounts of

ascorbic acid without interference from other constitu-
ents and excipients. This method is sensitive, selective
and suitable for laboratory rutin control. Repeated use
of column is possible. Because of the DPC method is
specific for chromium, it can also be concluded that some
reducing substances such as iodide and thiosulfate may
also be determined indirectly by this method in various
matrices. Studies of indirect determinations of iodide
and thiosulfate based on the Cr(VI) reduction by FAAS
have been continued in our laboratory.
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